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INTRODUCTION 
Various methods have been used in the past to measure 
the availability of the more important soil constituents. 
These methods have involved the extraction of the soil 
with water, carbonated water, salt solutions, or dilute 
organic and Inorganic acids. Mineral acids of relatively 
high concentration have also been used. It is now recog¬ 
nized, however, that although certain of these solvents 
may serve in determining the availability of a single soil 
constituent, they will not necessarily be satisfactory 
in the case of other soil constituents. 
Studies are being made of methods other than those 
involving extractions with solvents. Among these methods 
is one suggested by Niklas and Poschenrieder (9) in which 
a fungus, Aspergillus niger. is grown in a culture solution 
to which a given quantity of the soil to be tested has 
been added to supply phosphorous. Previous workers have 
found that this element is as essential to the nutrition 
of A. niger as it is to the nutrition of plants, and that 
the amount of growth of the mold may be used as an indi¬ 
cator of the amount of available phosphorous. 
Correlations of this method with the methods of 
Truog (10) and Neubauer (12) have shown that the asper- 
gillus test for available phosphorous gives a closer 
3 
check with the actual field results than either of the 
other two on most soils. The method consists essentially 
of culturing A. niger in a nutrient solution to which a 
known weight of soil is added to supply phosphorous. After 
an incubation period of four days the mold pad is placed 
on a filter and washed free of soluble salts and soil, 
and the pad is dried and weighed. By contrasting this 
harvest with the harvests from previous phosphorous stan¬ 
dards the amount of available phosphorous can be estimated. 
Acting upon a suggestion of Dr. W. S. Eisenmenger, 
to the effect that it might be possible to make the A. 
niger test for available phosphorous more quantitative, 
the writer undertook this investigation with two purposes 
in mind: namely, one of simplifying the tests by elim¬ 
inating the washing and weighing procedures, and second, 
to express the results in numerical values that could be 
easily duplicated. It was thought possible that another 
means of measuring the amount of growth might be found. 
A, niger is especially active in the breaking down of 
sugar to citric acid, and it was upon the measurement of 
the acid produced that the investigational work was based. 
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REVIEW OF THE LITERATURE 
Butkewitsch (l) was one of the first to suggest the 
use of A. niger as a biological indicator of available 
phosphorous and potassium of the soil, Koszeleskii (2), 
following up this suggestion for measuring available 
phosphorous, worked out a method whose results were found 
to agree closely with those obtained by extracting a 
Podzol soil with citric acid and a Ghernozen soil with 
oxalic acid. 
Pantanelli (3), who was evidentally not familiar 
with the Russian publications of Koszeleskii, made a report 
on the use of molds in determining the phosphorous needs 
of soils. Through the cultivation of A. niger, A flavus , 
and A. oryzae in a standardized medium containing 10 % 
sucrose, 2 % ammonium sulfate, and sterilized soil he deter¬ 
mined the quantity of available phosphorous in the soil 
by measuring the accumulated phosphorous in the fungi. 
He found that best results were obtained with A. niger. 
With this method a more accurate idea of the richness of 
the soil in phosphate available for plants could be obtained 
in a few days, and the results were superior to those 
obtained by extraction with dilute acids. 
Beneeke and Soding (4), carrying out the suggestion 
of Butkewitsch and using A. niger, Cladosporium herbarum. 
and Stlchococeus variabills, were able to draw conclusions 
regarding the available potassium content of the soil, In 
their method they placed 50 cc. portions of the culture 
medium in Erlenmeyer flasks and then sterilized it. To 
one series they added potassium chloride in concentrations 
of from 0.00025 to 0.002 per cent, and to another series 
they added soil sterilized at 150°C. for fifteen minutes 
in amounts of from 0.12 to 5.0 grams. After four days of 
incubation the mycelium of the soil series was compared 
with that of the potassium chloride series and conclusions 
were drawn concerning the potassium content of the soil. 
However, one gram of potassium chloride and phosphorous 
in concentrations of from 0.0002 to 0.0006 per cent 
were added to the medium. The authors considered this work 
to he of a preliminary nature and made no claims to 
quantitative results. Modifying this method to avoid the 
adherence of soil to the mycelium Simakova and Bovschik 
(5) obtained quantitative results for phosphorous. 
Another method for determining the available potassium 
in the soil was reported by Lohmann (6). His method was 
essentially a modification of the Benecke and Soding 
method. Soil in nutrient solution was inoculated with 
A. niger and incubated for six days. The pad was then 
placed on a filter and t,he soluble salts were removed by 
washing, and the dried pad of soil plus the mycelium was 
weighed. The weight of the mycelium after the approximate 
weight of the soil had been subtracted was used in estim¬ 
ating the amount of potassium absorbed from the soil. 
A new biological method for testing for available 
phosphorous through the use of yeast was reported by 
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Seidel (7)• The same organism was used to test for mag¬ 
nesium by Niklas, Poschenrieder, and Frey (8). Niklas and 
Poschenrieder (9) also carried out extensive studies on the 
various factors influencing the weight of A. niger mycelium. 
From these studies they recommended the following nutrient 
solution and procedure for carrying out the test: 
Cane Sugar 100 grams 
Citric acid 10 
Ammonium sulfate 6 
Peptone 1 
P205 (1.1215 g. of NH4H2P04) 0.75 
MgS04-7H20 0.6145 
CuS04-5H20 0.0059 
ZnS04-7H20 0.0044 
0.00598 
1000 ml. 
FeS04-7H20 
Water, distilled, 
Smith, Brown, and Schlots (11) compared the method 
of Niklas (9), using A. niger. and the chemical method 
of Truog (10), and showed that the two methods checked 
well. From this comparison they also concluded that the 
citric acid present in the medium is responsible for 
the solution of the soil phosphorous in the A. niger 
method. They also concluded that the same results could 
probably be obtained by using a citric extraction of the 
soil. 
Considerable study has been made of the elements 
essential for the nutrition of A, niger. Steinberg’s (15,14) 
work might be used to sum up the general results of the 
work done on the more essential elements. He states that 
the yield of mycelium was greater in a solution containing 
iron, zinc, copper, and manganese together than in a 
solution from which any one of these elements was omitted 
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Too great a concentration of any one of the elements 
reduced the yield of mycelium. In more acid solutions 
the mold will tolerate greater concentrations of these 
metals. The phenomenon of ion toxicity of these heavy 
metals with respect to growth and sporulation is displayed 
even at very high dilutions. Alkalinity (pH 8.0 or higher) 
causes a marked increase in the apparent optimum concen¬ 
tration of the heavy metals for growth, since they serve 
"both as nutrients and to increase the acidity. A shift 
in the maxima of the yield and pH curves to the lowest nu¬ 
trient concentrations may occur with delay in the time of 
the harvest. 
Mention might he made of the findings of J. N. Currie 
(15). He found that the conditions especially favorable to 
citric acid fermentation are high concentration of sugar, 
low nitrogen supply, and the nitrogen supplied as ammonium 
salts. He also found that by a judicious selection of 
cultures and conditions the quantity of citric acid pro¬ 
duced can be varied from none at all to over fifty per 
cent of the sugar consumed. 
The work of Mehlich, Truog, and Fred (15) has shown 
that different strains of A. niger at any one level of 
potassium supply produced different weights of mycelium. 
Since the weight of the pad is supposed to be in direct 
relationship to the available potassium or phosphorous 
of the soil, the strain used in measuring the quantity 
of the elements must also be judiciously selected. 
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Since A. niger is used in the commercial production 
of citric acid, considerable experimental work has been 
done to find out the chemical processes involved in its 
manufacture. The first reports on the biochemical trans¬ 
formation of sugar through acetic acid to citric acid 
were made by Chrzasycz and Tukow (17). They proposed the 
theory that the first stage in the production of citric 
acid proceeds in a manner similar to alcoholic fermentation 
of sugar, but the formation of acetic acid has since been 
disputed. It has also been suggested by Emde (18) that 
quinic acid is an intermediate product in the breakdown 
of glucose to citric acid, but the results of 'Yells, 
Moyer, and May (19) have shown that this theory can not be 
accepted because the theoretical yield of citric acid 
and CO2 production required by that theory do not agree 
with experimental data. 
Well, Moyer, and May also found that the nature of 
the carbon compounds in solution not accounted for by 
glucose and citric acid has not been completely established. 
They could not detect either oxalic acid or glauconic 
acid in any of the cultures. Volatile, neutral, and acidic 
products are entirely absent as shown by distillation 
tests of the culture solution. Benet, Clark, and La Touche 
(20) have shown that citric acid is reduced to carbohydrate 
substance by mycelia of A. niger and not oxidized in 
the generally accepted manner. But as yet the complete 
chemistry of the breakdown and of the end products is 
not known. 
9 
PROCEDURE 
A. Preparation of Reagents 
1. Sabouraud's Dextrose Agar (24) It is prepared by 
dissolving the following ingredients in 100 ml. of distilled 
water by boiling for a few minutes. 
Peptone-10 grams 
Dextrose-40 
Agar-15 " 
It was sterilized by autoclaving for 30 minutes at 7 lbs. 
pressure. 
2. Spore Suspension A slant of Sabouraud’s Agar 
was inoculated with spores of A. niger. and incubated at 
33-35°C. for six days. At the end of the incubation period 
the surface of the slant was brushed with a wire loop to 
dislodge the spores and the spores were washed into a 
sterile tube with 5 ml. of sterile physiological saline 
solution. The experimental nutrient solutions were inoc¬ 
ulated with 0.5 ml. of this heavy spore suspension. 
The Niklas strain of A. niger was used in these 
experiments. It was received from the University of 
Wisconsin through the courtesy of Dr. E. B. Fred. This 
strain has also been used in the experiments on available 
potassium and phosphorous at the Weihenstephen Station 
in G-errnany. 
3* Phosphorous Supply a. A solution of disodium 
phosphate containing 100 p p.m. of phosphorous was made 
10 
*by dissolving 1.1541 gms. of Na2HP02, :12H20 in 100 ml. of 
distilled water. This solution was made up in eight 
liter volumes. 
h. A second solution of disodium phosphate con¬ 
taining 100 p.p.m, of phosphorous in 96.7 ml. of distilled 
water was made by dissolving 1.116 gms. of disodium phosphate 
in one liter of distilled water. This solution was used 
in making up the nutrient solution for flasks numbered 
11 in each series, which contained phosphorous at the 
lOOp.p.m. level. The addition of 3*3 ml. of mineral 
nutrient solution to the 96.7 ml. of phosphate solution 
gave the desired final volume of 100 ml. 
The sodium phosphate was used in preference to the 
calcium phosphate because the sodium ion does not seem 
to influence the growth of A. niger while the calcium 
ion may. The potassium phosphate was not used because the 
potassium ion influences -the grov/th and must be controlled. 
4. Mineral Nutrient. This solution was derived 
from the Ashby formula (23) and the Niklas-Poschenrieder 
formula (9). It contains:- 
Peptone 30 grams 
NaCl 6 ii 
nh4S04 180 ii 
KRO, 
Calcium Citrate 
6 
10 
ii 
ii 
MgS04.7H20. 18 n 
ZnS04.7H20 0.12 ii 
7‘- CuS04.5H20 0.18 ii 
FeS04(NH4)2S04.6H20 0.21 ii 
Distilled Water 1000 ml. 
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The solution was filtered and autoclaved at 7 lbs. pressure 
for 30 minutes. A fresh nutrient solution was made for 
each experiment because a precipitate formed in the 
solution if it was allowed to stand over night. 
B. General Experimental Procedure 
The general procedure was designed to obtain the 
following relationships. 
1. Relationship between series inoculated with 
a standard loop and series inoculated with 0.5 cc. of a 
heavy spore suspension. 
2. Relationship between series initially adjusted 
to pH 5»0 with sulfuric acid, and series initially ad¬ 
justed with citric acid. 
3. Relationship between series incubated at 33- 
35°C. and series incubated at 42°C. for the first 24 hours, 
and then at 33-35°• for the balance of the period. 
A series consisted of eleven flasks containing 
nutrient solutions with phosphorous levels increasing at 
the rate of 10 p.p.m. from 0 to 100 p.p.m. The phosphorous 
levels were prepared by adding the following proportions 
of disodium phosphate solution, and distilled water, and 
mineral nutrient solution:- 
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Flask 
No. 
ml. of 
phosphate a. 
ml. of 
water 
ml. of 
mineral nutrient 
1. 0 96.7 3.3 
* • 
2. 10 86.7 3.3 
3. 20 76.7 3.3 
4. 30 66.7 3.3 
5. 40 56.7 3.3 
6. 50 46.7 3.3 
7. 60 36.7 3.3 
8. 70 26.7 3.3 
9. 80 16.7 3.3 
10. 90 6.7 3.3 
11. 196.7 * 
o
 
•
 
o
 3.3 
* Phosphate h. solution 
The pH of each flask was adjusted with acid to pH 
5.0, methyl-red being used as an indicator. The flasks 
were then plugged with cotton and autoclaved at 7 lbs. pres¬ 
sure for 15 minutes. 
The sterile flasks were allowed to cool to room 
temperature and were then inoculated heavily with spores 
of A. nir^er. The cultures were incubated for six days 
and the pH was determined with a Beckman pH meter at 
24 hour intervals during the incubation period. 
At the end of the incubation period the mold pad 
was placed upon a filter and washed free of soluble salts 
with distilled water. The pad was dried at 65° C. for 15 
13 
hours, and then at 110° 0. for 3 hours. The dried pad 
was cooled in a desiccator and weighed. A comparison was 
made between the weight of the dry pad and the final pH 
of the nutrient solution. 
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EXPERIMENTAL RESULTS 
In the preliminary experiments an attempt 
was made to establish a relationship between the 
amount of available phosphorous in the nutrient 
solution and the pH value of the solution after 
5 days Incubation when 2 grams of ammonium 
sulphate replaced the mineral nutrient in each 
flask. This simple nutrient was originally used 
by Niklas. The general results of these experiments 
are shown in figure 1. The amount of acid pro¬ 
duced was not proportional to the amount of 
available phosphorous in the nutrient solution. 
Two duplicate series were set up according 
to the general procedure, and the initial pH 
was adjusted with 0.2 M citric acid. Series A 
and B were inoculated with the standard loop. 
Series G and D were inoculated with the spore 
suspension. All series were incubated at 33 - 
35°C. for six days, and only the final pH 
values of the solutions were determined. The 
results obtained were shown in figure 2. The 
quantity of spores used in the inoculum did 
not seem to alter the curves to any degree. 
The curves of the suspension series dropped a 
15 
little at 40 p.p.m. of phosphorous, but otherwise 
conformed to the curves of the loop-series values. 
Another quadruplicate set was set up and 
the initial pH was adjusted with 0.2 M of sulfuric 
acid. Each flash v/as inoculated with 0.5 cc. of 
the spore suspension and the series was incubated 
at 33-35°C. for five days. The optimum growth 
of A. ni^er was reached between the fifth and 
sixth days. The pH determinations were made at 
24-hour intervals. Using the pH values 
( tables 1, 2, 3:, 4, 5, ) as ordinates and the 
phosphorous levels as abscissae, the curves of 
figures 3, 4, 5, 6, and 7 were obtained. These 
curves showed that the degree of difference 
among the four flasks at any one phosphorous 
level decreased as the time increased. 
At the end of the fifth day the mold pad 
was placed upon a filter and washed free of 
soluble salts and dried. The weights of dried 
mycelium were plotted as abscissae on coordinate 
paper against the levels of phosphorous as 
ordinates. The curves demonstrate that the weights 
of dried mycelium did not duplicate above 50 p.p.m. 
of phosphorous. The weights were averaged and the 
pH values were converted to H-ion values and 
averaged. The average values ^ere used as abscissae 
and plotted against the phosphorous levels as ordinate 
The new curves obtained are shown in figure 9» 
A quadruplicate set was set up and the pH 
initially adjusted with 0.2 M citric acid. The 
group was incubated at 33-35° 0. for five days. Only 
the final pH values and the weights of the dried 
mycelium v/ere determined. The pH values and the 
weights are included in table 6. Figure 10 was 
obtained by using the pH values as ordinates and the 
phosphorous levels as abscissae. The average weights 
of mycelia and average H-ion concentrations, table 6, 
were used as abscissae and plotted against the phos¬ 
phorous levels as ordinates. 
The weight curve is relatively smooth but the 
acid curve showed a drop of approximately 0.2pH 
at 80 p.p.m. of phosphorous. The trend of both 
curves is similar, and by adjustment of the scale 
could be made to coincide at many points. 
A contrast between the initial adjustment with 
mineral acid and that with organic acid was obtained 
by combining figures 9 and 12 in figure 13- No 
conclusion could be drawn from this curve. 
17 
o 
It was found that an increase of 7 C, in the 
incubation temperature in the first 24-hours of the 
five-day period increased the amount of acid produced 
sufficiently to make the 24-hour readings comparable 
with the 72-hour readings at the lower temperature. A 
quadruplicate series, initially adjusted with citric 
acid and inoculated with 0.5 cc, of spore suspension, 
was used to check this finding. The numerical results 
are given in table 7, and are shown graphically in 
figure 14. 
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TABLE I. 
FIGURE 3. 
pH of the Solutions at 24 hours 
Incubated at 33 35°C. 
Adjusted with H^SO^ 
20 
Flask 
Series 
Ppm. 
-- 
Flask 
I.,,.. . . 
Ppm. 
Ho. Phos. PH...  Ho. . Series Phos. pH 
A. 4.19 A. 3.68 
B. 
0 
4.15 B. 
60 
3.54 
1 • C. 4.18 7. C. 4.15 
D. 3.98 L. 4.01 
A. 4.24 A. 3.44 
B. 
10 
4.38 B. 
70 3.88 2. C. 4.33 i 8- C. 3.98 
D. 3.83 D. 3.90 
A. 4.35 A. 
————-- 
-.. — 
3.92 
B. 
20 
4.54 B. 
80 3.96 3 • C. 4.33 9. C. 3.95 
D. 
..... 
4.10 
- -j 
D. 3.62 
A. 4.26 A. 3.79 
B. 
30 
3.91 B. 
90 
3.85 
4. C. 4.15 10. C. 3.85 
D. 4.06 D. 3.78 
A. 3.96 A. 3.72 
B. 
40 
4.10 
ii. 
B. 
100 
3.30 
5. 0. | 4.16 C. 3.71 
D. 4.18 
- ■ 
D. 3.70 
A. 3.90 
B. 50 4.32 6. C. 4.00 
D. 3.90 
1 
hospporus 
wmmiwr 
22 
Table 2. 
Figure 4 
pH of the Solutions at 48 hours 
Incubated at 33-35°c. 
Adjusted with HgS04 
Flask 
-- 1 
Ppm. 
-f 
Flask 
— , 
Ppm. 
Ho. Series Fhos. pH - . No. Series Phos. pH . 
A. 
Jr" 
3.62 A. 3.00 
B. 3.60 B. 2.88 
1. C. 0 3.54 7. c. 60 2.91 
I). 3.52 D. 3.25 
 .1 
A. 3.20 A. 2.65 
B. 3.08 B. 3.23 
2. C. 10 2.90 8. C. 70 3.20 
D. 3.00 
. 
D. 2.99 
A, 2.87 A. 
: 
3.19 
B. 2.89 B. 3.33 3. C. 20 2.80 9. C. 80 3.12 
D. 3.00 D. 2.85 
A. 2.90 A. 3.31 
B. 3.05 B. 2.75 4. C. 30 2.85 10. C. . 90 2.67 
D. 3.25 D. 2.89 
A. 
! 
3.24 A. 3.10 
B. 3.24 B. 2.69 
5. C. 40 2.92 11. C. 100 3.20 
D. 3.49 
. 
D. 3.35 
A. 3.18 
B. 2.96 6 • C. 50 2.87 
D. 
* 
2.99 
osphqrus 
'■* 
r 
L 
r 
" 
. 
24 
TABLE 3. 
Figure 5. 
pH of the Solutions at 72 hours 
Incubated at 33-35°q# 
Adjusted with HgSO^ 
itdaily Adjust 
of Ihosph 
TABUS 4. 
Figure 6. 
pH of the Solutions at 96 hours 
Incubated at 33-35°C. 
Adjusted with HgSO^ 
Flask 
• 
Fpm. 1 . Flask 
1 
Ppm. 
Ho. Series Phos. pH No. Series Phos. pH 
A. 3.51 A. 1.75 
B. 3.50 B. 
60 
1.73 1. C. 0 3.42 7. c. 1.65 
D. 3.40 D. 1.70 
A. 2.79 A. 1.57 
2. 
B. 
C. 10 
2.51 
2.40 • 8. 
B. 
c. 79 
1.59 
1.55 
D. • 2.61 D. 1.57 
A. 2.50 A. 1.58 
B. 
20 
2.05 B. 80 1.51 3. C. 2.08 9. C. 1.58 
D. 2.10 D. 1.49 
A. 2.06 A. 1.48 
4. B. C. 30 
2.25 
1.89 10. 
B. 
C. 90 
1.47 
1.48 
D. 2.29 D. 1.49 
A. 2.25 A. 1.45 
5. B. C. 40 
2.25 
1.80 11. 
B. 
c. 100 
1.49 
1.40 
D. 2.20 D. 1.41 
A. 2.28 
B. 
50 
1.80 
6* C. 1.85 
D. 2.10 
- • 
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TABLE £. 
Figure 7. 
pH of the Solutions at 120 hours 
Incubated at 33-35°C* 
Adjusted with H^SO^ 
' ] Ppin. Av. 
. 
Phos. pH H-ion Cone. Av. H-ion Weight Weight 
A. 3.24 5.754x10”4 0.0504 
B. 
C. 0 
3.30 
3.24 
5.012 
5.754 5.707x10”4 
0.0577 
0.0405 0.0449 
I)* 3.20 6.310 0.312 
A. 2.62 2.399x10”® 0.5460 
-T 
B. 
C. 10 
2.42 
2.25 
3.802 
5.623 3.530x10“® 
0.6523 
0.5201 0.5539 
D. 2.52 3.020 
* 
0.5074 
j 
A. 2.18 6.607x10-3 1.0832 
B. 
0. 20 
1.80 
1.90 
1.585 
1.259 1.184X10-2 
1.1918 
1.1748 1.1220 
D. 1.91 1.230 1.0381 
A. 1.85 1.413xl0-s 1.5021 
B. 
c. 
30 1.84 1.60 
1.445 
2.512 1.696xl0”2 
1.4414 
1.4426 1.4460 
D. 1.85 1.413 1.3977 
_J 
A. 1.69 2.042xl0”2 1.8386 
B. 
C. 40 
1.70 
1.55 
1.995 
2.818 2.224xl0"2 
1.8129 
1.7899 1.7818 
D. 1.69 2.042 1.6859 
A. 1.60 2.512xl0"2 1.9426 
B. 
C. 50 
1.60 
1.55 
2.512 
2.818 2.618xl0"2 
1.6690 
1.9223 1.8593 
D. 1.58 2.630 2.0471 
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TABLE 5. Continued 
Ppm. 
Phos. pH H-ion Cone. Av. E-ion Weight 
— 
Av. 
Weight 
A. 1.55 2.818x10"® 1.8922 
B. 60 1.54 2.884 2.2731 C. 1.53 2.951 2.867x10-2 2.6583 2.2745 
D. 1.55 2.818 2.4671 
A. 1.47 3.388x10"® 2.1032 
B. 1.48 3.311 2.1415 
C. 70 1.47 3.388 z.sevxio-* 2.5876 2.3594 
D. 1.47 3.388 2.6054 
A. 1.40 3.981xl0-2 2.1676 
B. 1.40 3.981 2.0434 
C. 80 1.35 4.467 4.380x10 ^ 2.4881 2.3482 
D. 1.30 5.012 2.6937 
A. 1.32 4.786x10-2 2.3940 
B. 1.32 4.786 o 2.5461 
C. 90 1.31 4.898 4.789X10-2 2.7009 2.5772 
D. 1.32 4.786 2.6681 
A. 1.31 4.898x10“® 2.5402 
B. 1.35 4.467 2.4707 
c. 100 1.35 4.467 4.600x10“^ 2.5501 2.5389 
2). 1.34 4.571 2.5948 L—__._J -L 
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Table 6, 
Figure 10. 
pH of the Solutions at 120-hours 
Incubated at 33-35°C. 
Adjusted with Citric Acid 
Pp$. 
Phos-,. PH H-ion Cone. 
0 
3.01 
3.02 
3.01 
3.02 
9.772x10“4 
9.550 
9.772 
9.550 
2.33 
2.36 
2.35 
2.32 
4.667x10“- 
4.365 
4.467 
4.786 
2.15 
2.15 
2.17 
2.15 
7.079x10-3 
7.079 
6.761 
7.079 
1.91 
1.88 
1.89 
1.90 
1.230xl0”2 
1.318 
1.288 
1.259 
40 
1.77 
1.77 
1.70 
1.63 
1.698x10 
1.698 
1.995 
2.344 
50 
1.47 
1.45 
1.42 
1.48 
3.388x10 
3.548 
3.802 
3.311 
-2 
-2 
Av. H-ion Weight Weight 
9.661x10 
0.0792 
0.1520 
0.3342 
0.2452 
4.571x10-3 
0.6747 
0.6072 
0.6254 
0.5187 
6.999x10"^ 
0.9598 
0.9803 
0.8795 
0.9098 
1.274x10 
1.2716 
1.2306 
1.2504 
1.2486 
* 
1.934xl0“2 
1.5302 
1.5208 
1.5342 
1.5690 
i 
i 
3.512x10" 
2.1136 
2.0820 
2.1246 
2.0435 
1 
0.2026 
0.6065 
0.9323 
1.2503 
1.5359 
2.0909 
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TABLE 6. Continued 
Ppm. 
Phos pH . H-ion Cone. Av. H-ion 
Av. 
Weight Weight 
A. 1.42 3.802xl0"2 2.4051 
B. 1.41 3.890 o 2.4434 
C. 60 1.42 3.802 3.916x10-* 2.2335 2.3708 
D. 1.38 4.169 2.4011 
A. 1.38 4.169xl0-2 2.6099 
B. 1.38 4.169 2.5921 
C. 70 1.38 4.169 4.169x10 ^ 2.4172 2.5615 
D. 1.38 4.169 2.6267 
A. 1.47 3.388xl0“2 2.7397 
B. 1.47 3.388 o 2.8063 
C. 80 1.47 3.388 3.388xl0“2 2.6746 2.7248 
3). 1.47 3.388 2.6787 
A. 1.35 4.467xl0-2 3.0177 
B. 1.35 4.467 _p 2.8700 
C. 90 1.35 4.467 4.467x3.0 * 2.9015 2.9102 
D. 1.35 4.467 2.8518 
A. 1.21 6.166X10-2 3.0035 
B. 1.36 4.365 _p 2.9553 
C. 100 1.35 4.467 4.484x10 ^ 2.8251 3.0112 
3). 1.36 
- --- 
4.365 
i--- 
3.2612 
>-- 
t 

Adjjtt&ked tirith 
Hours 
3S 
TABLE 7. 
Figure 14 
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Initially Adjusted with 
Citric Acid 
High Temp, for the First 24-hours 
1- 
Ppm. 24hrs. 48hrs. 72hrs. 
■ -- - - 
96hrs. 
> .. 
120hrs. Dried Mycelium 
Ho. Phos pH pH pH .PH 1 pH Weight 
A. 3.40 2.95 3.00 2.83 
| 
2.90 0.3451 
B. 0 3.40 2.98 2.92 2.81 2.82 0.1480 JL C. 3.41 3.00 2.91 2.81 2.83 0.3139 
D. 3.42 3.00 2.92 2.81 2.81 0.2813 
A. 3.30 2.65 2.46 2.20 2.10 0.4452 
B. 10 3.39 2.61 2.42 2.20 2.10 0.4467 2 C. 3.30 2.61 2.32 2.20 2.10 0.3915 
D. 3.25 2.59 2.32 2.20 2.10 0.3882 
A. 3.08 2.32 2.12 1.89 1.85 0.9213 
B. 
20 
3.05 2.30 2.07 1.88 1.78 0.9540 
3 C. 3.08 2.30 2.13 1.85 1.78 0.9612 
D. 3.02 2.28 1.82 1.80 1.78 0.9607 
A. 2.88 2.14 1.95 1.65 1.55 1.3064 
B. 
30 
2.96 2.11 1.95 1.65 1.53 1.3505 
4 C. 2.85 2.11 1.92 1.64 1.52 1.3434 
D. 2.85 2.09 1.95 1.63 1.50 1.3780 
A. 2.73 1.95 1.76 1.52 1.38 1.8073 
B. 
40 
2.75 1.94 1.75 1.51 1.38 1.6975 
5 C. 2.71 1.94 1.72 1.51 1.35 1.8152 
D. 2.73 1.95 1.75 1.48 1.35 1.7201 
A. 2.75 1.85 1.62 1.41 1.30 2.0809 
B. 
50 
2.75 1.83 1.61 1.38 1.30 2.0724 
6 C. 2.70 1.80 1.58 1.33 1.28 2.1230 
3). 
- 
2.70 1.80 1.55 1.30 
[ 
1.28 
-* 
2.2109 
40 
TABLE 7. Continued 
r—1 
No. 
— 
— 
Ppm. 
Phos 
-I 
24hrs. 48hrs. 72hrs. 
-~ 
96hrs. 120hrs. Dried 
Mycelium 
Weight . 
A. 2.55 1.75 1.38 1.15 1.25 2.5743 
B. 
60 
2.67 1.75 1.45 1.20 1.25 2.5585 
7 C. 2.67 1.75 1.48 1.22 1.25 2.5527 
D. 2.67 1.74 1.48 1.20 1.25 2.5967 
,  A. 2.51 1.65 1.40 1.25 1.24 
] 
3.0076 
8 
B. 
70 
2.52 1.62 1.35 1.25 1.24 2.8527 
C. 2.53 1.62 1.31 1.27 1.24 2.8844 D. 2.60 1.64 1.38 1.28 1.24 2.8592 
A. 2.00 1.60 1.37 1.25 1.24 3.0008 
B. 
80 
1.68 1.58 1.35 1.25 1.24 3.1204 
9 C. 1.65 1.58 1.35 1.25 1.24 3.0515 D. 1.65 1.59 1.33 1.27 1.24 3.1889 
1 • A. 1.60 1.55 1.35 1.24 1.22 3.1138 
10 
B. 
90 
1.75 1.55 1.33 1.28 1.28 3.1151 
C. 1.80 1.60 1.33 1.23 1.25 3.0659 
D. 2.02 1.71 1.29 1.25 1.25 3.0937 
L A. 1.80 1.53 1.32 1.21 1.25 3.2824 
B. 
C. 100 
1.92 1.53 1.32 1.22 1.25 3.2621 
11 1.70 1.50 1.35 1.22 1.25 3.3065 
1- D. 1.65 1.50 1.32 1.24 1.30 3.2695 
41. 
DISCUSSION 
The quantity of acid produced from the fermen¬ 
tation of sucrose hy A. nlger can he determined 
hy measuring the amount of sucrose remaining at the 
end of the process, or by measuring the H-ion 
concentration of the nutrient solution. If the 
residual sucrose method were used, the ratio of 
the amount of acid produced to the amount of sucrose 
consumed would have to be determined. 
One of the easier methods of determining the 
quantity of sucrose in a solution is based on the 
optical rotation of light by sucrose. The degree 
of rotation can be measured with a polariscope 
(21). This method was impractical for this exper- 
iment because the presence of intermediate sub¬ 
stances might mask the true rotation. 
The H-ion concentration was measured with a 
Beckman pH meter, because of its simplicity and 
adaptability to this type of work. 
The contrast of the loop method with the suspen¬ 
sion method of inoculation removed the doubt as to 
v/hether the quantity of spores used in the 
inoculum would affect the results. The slightly 
lower pH values at the 40 p.p.m. phosphorous 
level in the suspension series was probably not due 
to the quantity of spores used, because the same 
amount of variation was found in other quadrup¬ 
licate series. 
The curves of figures 3, 4, 5> 6, and 7 
showed that at each succeeding time interval 
(24-hour periods' the ratio of the acidity of the 
culture solution to the quantity of available phos¬ 
phorous became more nearly uniform in replicate 
cultures. The variance among the four series also 
decreased, and on the fifth day it was mainly confined 
to levels below 40 p.p.m. of phosphorous. It was 
also noted that the variances in weights occured above 
the 40 p.p.m., level. The reason why they did not 
occur at the same points was unknown, but it was 
suggested that an element that was lacking in the 
nutrient solution and was present on the glass 
surface of the flask disturbed the metabolic 
processes after the optimum concentration of phos¬ 
phorous had been reached. 
Figure 9 demonstrated that there was a relation¬ 
ship between the amount of dried mycelium and the 
amount of acid produced. Both curves had the same 
trend, but acid production did not increase as 
rapidly as the weight of mycelium. The citric-acid 
series repeated this picture. It was observed that 
while the ratio of acidity to mycelium seemed to be 
uniform with organic acid, it varied considerably 
with the mineral acid. A constant repetition of 
series over a long period of time and under a variety 
of conditions would be necessary to show the true 
relationship between the initial adjustment with 
mineral and with organic acid. 
Although the increase of 7°C. in incubation 
temperature for the first 24-hours produced a 
quantity of acid that was comparable to that produced 
in 72 hours at the lower temperature the Ii-icn 
concentrations at the end of five days were alike. 
The increase in acid production in the incubation 
period between 96 and 120 hours was almost neglip;able. 
It was also observed that if the culture were grown 
at a higher temperature, a. fungal growth, apparently 
parasitic, would be found all through the pad of 
A. nlger mycelium. This contaminant was found only 
after six days at the lower incubation temperature. 
Flasks 4 and 5> series C, of the sulfuric 
acid group manifested another factor. At 72-hours 
these two flasks had a lower pH value than the other 
series. Flasks 4 and 5 also showed a greater 
conidial development. Perhaps A. niger had absorbed 
a trace of some element from the glass and conse¬ 
quently conidial development was increased. The energy 
for this growth was obtained by the breakdown of 
sucrose to acid. 
SUMMARY and CONCLUSION 
The experimental curves showed that on the fifth 
day of incubation there was a relationship between the 
weight of dried mycelium and the amount of acid 
produced by the fermentation of sucrose by A. niger 
as measured in terms of H-ion concentration. The 
weight of dried mycelium has been proved by other 
workers, and was again demonstrated by these exper¬ 
iments,to be proportional to the quantity of available 
phosphorous in the nutrient solution. 
The quantity of spores used in the inoculum did 
not affect this relationship. 
The initial adjustment of the pH of the nutrient 
solutions with a mineral acid gave greater diver¬ 
gencies in the curve of the quadruplicate set than 
did adjustment with the organic acid. 
Wien cultures are incubated at 42°C. instead of 
33-35°C. the activity of the fungus increased and 
produced an amount of acid comparable to that 
produced in three days at the lower temperature, 
but the ultimate acid production after 5 days was equal 
to that produced at 33-35°C. 
47 
Steinberg (14) states: 11 The above divergencies 
serve to illustrate the futility of attempting to 
formulate the theoretical equation for growth, prior 
to a better understanding of the experimental 
curves obtained under a wide variety of conditions. 
Whereas comparatively few variables usually enter into 
the formulations of the physical and chemical sciences, 
the biological growth curve represents, without doubt, 
the summation effect of a multitude of variables, 
some of which are as yet unsuspected." This statement 
is also true of the divergencies found among the 
quadruplicate series. 
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